Two new Capnocytophaga species, for which we propose the names Capnocytophaga haemolytica and Capnocytophaga granulosa, were isolated from supragingival dental plaque of adults. The phenotypic characteristics of these organisms were the same as those of the genus Capnocytophaga: gram-negative rods; CO, requirement; gliding motility; catalase negative; oxidase negative; acids produced from D-glucose, D-maltose, D-mannose, and D-sucrose; and acetate and succinate are the major end products of glucose fermentation. In addition, the cellular fatty acid contents and menaquinones of both species were similar to the cellular fatty acid contents and menaquinones of other Capnocytophaga species. Nevertheless, the levels of DNA-DNA relatedness of the two new species to each other and to other Capnocytophaga species were less than 20%. Two notable characteristics of C. haernolytica are the presence of hemolytic activity and the lack of aminopeptidase activity. C. granulosu has granular inclusions in its cells and grows aerobically. The type strains of C. huemolytica and C. granulosa are A0404 (= JCM 8565) and B0611 (= JCM 8566), respectively.
The genus Capnocytophaga contains gram-negative, capnophilic, fusiform to rod-shaped, gliding bacteria that are isolated from oral cavities (7, 8, 11, 18, 21) . Three species (Capnocytophaga gingivalis, Capnocytophaga ochracea, and Capnocytophaga sputigena) have been recognized previously on the basis of morphological, physiological, and DNA data. Some Capnocytophaga strains have been suspected to be etiological agents of localized juvenile periodontitis (14, 17) or systematic infections in immunocompromised patients (4, 5) .
The relationship of the genus Capnocytophaga to dental calculus formation was recently described by Morita et al. (13) . DNA-DNA hybridization was used to identify Capnocytophaga species, and 25% of the Capnocytophaga strains, as identified by phenotypic characteristics, exhibited low levels of DNA-DNA relatedness to the three Capnocytophaga reference strains used.
In this study, unclassified strains were isolated from dental plaque of adults and were characterized phenotypically and chemotaxonomically.
MATERIALS AND METHODS
Bacterial strains. A total of 38 strains were isolated from supragingival dental plaque; these strains included strains A0404T (T = type strain), A0405, A0406, A0407, A0408, A0409, and A0410 isolated from a 56-year-old male, strains B0603, B0606, B0607, B0608, B0610, B0611T, B0613, B0614, and B0615 isolated from a 25-year-old male, strains B0707, B0708, B0709, and B0710 isolated from a 51-year-old male, strain B0915 isolated from a 39-year-old female, strains A1210, A1211, A1212, A1213, and A1215 isolated from a 53-year-old male, strains A1303, A1304, A1305, A1317, A1318, A1319, and A1320 isolated from a 41-year-old male, strain A1510 isolated from a 69-year-old female, and strains A2005, A2012, A2013, and A2015 isolated from a 33-year-old female. Dental plaque was streaked onto TBBP agar, which contained 4% Trypticase soy agar (BBL Microbiology Systems, Cockeyville, Md.), 5% * Corresponding author. Mailing address: Department of Preventive Dentistry, Okayama University Dental School, Shikata-cho 2-5-1, Okayama 700, Japan. Phone: 086-223-7151. Fax: 086-225-3724.
sheep blood, 0.1% yeast extract, 50 pg of bacitracin per ml, and 100 pg of polymyxin B per ml (12). The plates were incubated at 37°C in a model ANX-1WS TE-HER Anaerobox (Hirasawa Works, Tokyo, Japan) containing 85% N,, 5% H,, and 10% CO, for 5 to 7 days.
C. gingivalis ATCC 33624*, C. ochracea ATCC 27872T, ATCC 33595, and ATCC 33596, C. sputigena ATCC 33612T, and Capnocytophaga sp. strain ATCC 23817 were obtained from the American Type Culture Collection, Rockville, Md.
All strains were stored at -80°C in Gifu anaerobic medium (GAM) broth (Nissui Seiyaku, Tokyo, Japan) containing 20% glycerol. All cell incubation procedures were done at 37°C.
Morphological and colonial characteristics. Colonies were observed on TBBP agar or on brain heart infusion (Difco Laboratories, Detroit, Mich.) agar supplemented with 10% sheep blood (blood agar) after 2 to 7 days of anaerobic incubation.
Cells were observed by using Gram-stained smears after 2 to 7 days of anaerobic incubation on TBBP agar or in PYG broth To obtain thin sections, cells grown anaerobically in GAM broth with shaking were harvested by centrifugation at 10,000 x g at the mid-logarithmic phase and were washed twice with 0.1 M phosphate buffer (pH 7.4). The bacteria were fixed with 2.5% glutaraldehyde in phosphate buffer for 2 h, washed four times, and postfixed with 2% osmium tetroxide in phosphate buffer for 4 h. The fixed cells were dehydrated in a graded ethanol series and embedded in an Epon 812 mixture. Thin sections were cut with a model MT-6000 ultramicrotome (RMC, Tucson, Ariz.) by using diamond knives and were stained with 2% uranyl acetate in distilled water for 20 min and then with Reynolds lead citrate for 7 min (15). The resulting specimens were observed with a model H-500 transmission electron microscope (Hitachi, Tokyo, Japan) by using an accelerating voltage of 100 kV.
Biochemical and physiological characteristics. Colony pigmentation was determined by examining the colors of pellets obtained by harvesting colonies grown on blood agar after 2 to 7 days of anaerobic incubation. The presence of aerobic growth and a requirement for CO, were determined by using blood agar cultures incubated in air containing and lacking 5% CO,, respectively. Gliding motility was determined by the method (6). described by Brenner et al. (1) . Catalase activity, nitrate reduction, H,S production, indole production, esculin hydrolysis, acid production from carbohydrates, and inhibition of growth by bile were determined by the methods described by Holdeman et al. (6) after 2 to 7 days of anaerobic incubation. The Koviics method was used for the oxidase test (10) . After 2 days of anaerobic incubation, the acid end products of glucose fermentation were analyzed with a model GC-R1A gas-liquid chromatograph (Shimadzu, Kyoto, Japan) fitted with a glass column (3 mm by 2 m) packed with 10% Thermon-1000-1% H,PO, on Chromosorb W/HP (80 to 100 mesh) (6). Dworkin's method was used to determine susceptibility to actinomycin D (2). The aminopeptidase activities of the strains that were grown anaerobically in GAM broth for 2 days were measured by the method of Suido et al. (19) . Cellular fatty acids and isoprenoid quinones. Cells were grown anaerobically on blood agar for 2 days, washed twice with distilled water at 4°C by centrifugation at 10,000 X g, and freeze-dried. The dried cells (20 mg) were directly methanolysed with 5% HC1-methanol at 100°C for 3 h, and the samples were analyzed for cellular fatty acids by gas-liquid chromatography (9), using a glass column (3 mm by 2 m) packed with 5% OV-1 on Chromosorb W (AW-DMCS; 80 to 100 mesh).
Cells'were grown in GAM broth in air containing 5% CO, for 2 days before the isoprenoid quinones were analyzed. The isoprenoid quinones were extracted with chloroform-methanol (2:l) from dried cells (500 mg) and were purified by thin-layer chromatography (9) . The purified isoprenoid quinones were analyzed by using a model LC-6A reversed-phase high-performance liquid chromatograph (Shimadzu) fitted with a Cosmosil C18 column (4.6 mm by 15 cm; Nakarai, Kyoto, Japan).
DNA studies. DNAs were isolated by the method of Saito and Miura (16). The guanine-plus-cytosine (G+C) contents of DNAs were determined by the method of Tamaoka and Komagata (20) . The DNA from C. gingivalis ATCC 33624T (G+C content, 40 mol%) was used as a reference DNA.
DNA-DNA hybridization was carried out by using the method of Morita et al. (13) , which was a modification of the method of Ezaki et al. (3) . DNAs were hybridized at 45°C for 16 h by using the method of Ezaki et al. (3) .
RESULTS
Our 38 isolates were divided into two species groups (group A containing 24 strains and group B containing 14 strains) on the basis of DNA-DNA relatedness data. The intraspecies DNA-DNA relatedness values for the strains in groups A and B ranged from 82 to 100% and from 68 to loo%, respectively.
The key characteristics of the genus Capnocytophagu are shown in Table 1 ( 11) . All of the group A and B strains exhibited the same reactions as previously described members of the genus Capnocytophaga.
The chemotaxonomic characteristics of the group A and B reference strains and other Capnocytophaga strains are summarized in Table 2 . The major components of the total cellular fatty acids of the group A and B reference strains were i-15:O (13-methyltetradecanoic) acid and 18:O (octadecanoic) acid; these acids were also major components of the total cellular fatty acids of the other Capnocytophagu strains studied. All strains contained menaquinones as their sole respiratory quinones. Only menaquinone MK-6 was detected ( Table 2 ). The G + C contents of the DNAs of the 24 group A strains and 14 group B strains were 43 to 44 and 41 to 42 mol%, respectively. These values were a little higher than the values obtained for other Capnocytophaga strains ( Table 2 ). The group A strains and group B strains exhibited low levels of DNA-DNA relatedness to each other and to the other Capnocytophaga strains (Table 3) .
Two notable characteristics of the group A strains were the presence of hemolytic activity and the lack of aminopeptidase activity observed with the substrates shown in Table 4 . Betahemolysis was observed on TBBP agar for the primary cultures The number before the colon is the number of carbon atoms; the number after the colon is the number of double bonds; 3-OH indicates a hydroxy group at C-3; i indicates a branched-chain acid with the branched methyl group at the iso position. tr, trace (less than 1%). The values are the percentages of the total fatty acids. of all group A strains, but this activity was reduced or lost after a few subcultures on blood agar.
The notable characteristics of the group B strains were the presence of granular inclusions in the cells and aerobic growth. All 14 group B strains had granular inclusions that were stained by basic fuchsin (Fig. 1B) . These inclusions were clearly observed at the ends and in the middle of the cells when the strains were grown anaerobically at 37°C in GAM broth or PYG broth for 5 to 7 days. In thin sections of group B strain BO61 lT, inclusion body-like structures were observed at the ends of the cells (Fig. 2B) . These bodies had a low electron density and appeared to be surrounded by a membrane (Fig.  2C ). All 14 group B strains grew aerobically on blood agar; however, growth was enhanced in a C0,-enriched atmosphere.
DISCUSSION
All 38 isolates exhibited the same biochemical reactions as other members of the genus Capnocytophaga (7, ll) , and thus these strains could be identified as members of the genus Capnocytophaga. The 38 strains were divided into two groups, groups A and B. The strains in groups A and B, however, could be differentiated from previously described Capnocytophaga species, as described below. All 24 group A strains exhibited beta-hemolysis on TBBP agar after primary isolation and had no aminopeptidase activity. The cells of all 14 group B strains had granular inclusions, and all 14 group B strains grew aerobically. In addition, DNA-DNA hybridization data revealed that the 38 isolates are distinct from the previously described Cupnocytophaga species.
Consequently, we propose the names Capnocytophaga haemolytica sp. nov. and Capnocytophaga granulosa sp. nov. for the group A and group B strains, respectively. These organisms were easily isolated from supragingival dental plaque of adults. A total of 376 Capnocytophaga strains, including the 38 strains used in this study, were isolated randomly from 20 adults; 24 strains of C. haemolytica and 14 strains of C. granulosa were isolated from 5 and 3 of the 20 adults, respectively. These two new species may be common constituents of supragingival dental plaque of adults.
Capnocytophaga cynodegmi and Capnocytophaga canimorsus (1) strains were not included in the reference strains used in this study, because the characteristics of these organisms differ from the key characteristics of the genus Capnocytophaga (1 1) and because they did not originate from the human oral cavity. Furthermore, the levels of DNA-DNA relatedness between our isolates and the type strains of these two taxa (C. cynodegmi ATCC 49044 and C. canimorsus ATCC 35979) were less than 10%.
Description of Capnocytophaga haemolytica sp. nov. Capnocytophaga haemolytica (hae.mo.ly'ti.ca. Gr. n. haema, blood; Gr. adj. lyticus, dissolving; M. L. fem. adj. haemolytica, blood dissolving). Cells are thin, gram-negative rods (2 to 4 by 0.2 to 0.3 km). Flat, thin colonies are 1 to 2 mm in diameter after 5 to 7 days of anaerobic incubation at 37°C on TBBP agar. Beta-hemolysis is observed on TBBP agar after primary isola- Table 4 .
The major end products of glucose fermentation are acetate and succinate. The major menaquinone is MK-6. The dominant cellular fatty acids are i-15:O and 18:O acids. The G+C content of the DNA is 41 to 42 mol%.
Strain B0611 (= JCM 8566) is the type strain of C. granulosa. The characteristics of this strain are the same as those given above for the species. The G + C content of the DNA of this strain is 41.7 mol%. CO,.
